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Hyperthermia　 at　43℃ 　for　60　minutes　 was　 added　 in　FM3A
cells to elucidate the effect of heating on cells. 
  1) Accumulation in the G2M phase was noted 12 and 24 
hours after heating in the analysis of the cell cycle by using 
flow cytometry. 
 2) The disturbed cell cycles by heating returned to the 
normal cycle 48 hours after heating. 
 3) The intracellular protein content increased in the G2M
phase　 12　to　24　 hours　 after　 heating　 at　43℃ 　for　 60min　 in
spite of no remarkable changes in the G1 and S phases. 
 4) It is suggestive of an increase in heat-induced protein 
within cells in the G2M phase 
 In conclusion, the intracellular protein increased in the 
G2M phase, suggesting a presence of HSP70 in analysis of 
SDS-polyacrylamide gel electrophoresis.
Introduction 
Recently, hyperthemia has clinically been applied.'''' The 
present investigation of hyperthermia8' 9) focused on syner-
gistic and complementary anticancer effects in combination 
with irradiation and anticancer agents without any evidence 
of induced carcinoma"' and degeneration'"" as one of the 
multimodality therapies. It is very often seen that repeated 
applications of hyperthermia reduce the anticancer effect 
on cancer cells. It is reasoned that cancer cells exposed to 
hyperthermia acquire thermotolerance. 16-19) 
 An in vitro study has been made to elucidate the mecha-
nism regarding the development of thermotolerance. 
 In contrast, the biological basic study on heating has not 
been completely achieved and there are many unsolved 
problems. 
 However, it has become known that heat shock proteins 
(HSPs)20'21' are synthesized within cells. It is sure that 
recent studies on acquired thermotolerance clarify the 
genesis. 
 Development and decay of HSPs in the course of cell 
cycles were evaluated by using flow cytometry and also 
synthesized proteins were analyzed with the use of SDS 
polyacrylamid-gel electropohoresis.
Material and Method 
1) Material 
FM3A cells were derived from breast cancer in CH3 mouse. 
Cultures are routinely set up in RPMI medium with 10% 
fetal bovine serum at 37C in 5% CO, The pH in medium 
was kept at 7.2 to 7.4. Cells reached the proliferation phase 
10 hours after culture. 
2) Method 
A) Induction of thermotolerance 
1) Heating 
Cultured cells of FM3A cells were divided into tubes at 
various temperature in a water bath (Yamato BT 23 type). 
The temperature in the bath was controlled by thermostate 
(RF-shield type TM-54). It was capable for the control 
within range of ± 0.1°C. 
2) Proliferative curve by hyperthermia treatment 
Colony formation rates of FM3A cells were calculated by 
the two-layer colony formation methods in agar medium 
(Fig. 1). 
 5 X 102/ml cells were adjusted after heating at 37 °C, 41 
°C 
, 42 °C, 43 °C for 30min and I ml was moved to 6R-plate 
(Nunc) and then cultured for 5 days. The growth curve was
Fig. 1. Colony formation in FM3A cells after heating at 43C for 
60min.
made by counting 50 cells, regarding as one colony. 
3) Induciton of thremotolerance 
After heating at 43°C for 60min, re-heating at 43°C for 
30min was added at the time interval of 0, 3, 6, 12, 24, 48 
hours, respectively. 1 X 103m1 cells were adjusted, moved 
into 6R-plate and cultured for 5 days. The experiments 
were performed in duplicate. Each three values averaged 
and were regarded as colony formation as shown in Fig. 1. 
4) The measurement of intracellular protein at the state of 
thermotolerance 
After heating at 43°C for 60min, re-heating at 43°C for 
30min was added to FM3A cells at the interval of 0, 3, 6, 
12, 24 and 48 hours. 1 X 106 cells were adjusted in the 
tube, suspended as single cells by pipetting, centrifuged at 
800rpm for 5min, rinsed, homogenized, adding 1 ml of 70% 
ethanol, and kept in refrigator for 18 hours at least. 
 Thereafter, the staining was made by using rapid one 
step staining. The tube was centrifuged at 1000rpm for 
5min following fixation, added 4 to 5m1 of PBS and 
centrifuged, and then added PI FITC-RNase solution. 
5) Cytometric analysis 
Red fluorescence was measured and histogram was con-
structed on the basis of relative DNA content of each cell, 
which was analysed by computer. The rates of the G, S, G2 
M phases were calculated. Green fluorescence was also 
measured as the amount of proteincontent in each cell. 
Simultaneous illustration of DNA and intracellular protein 
contents was presented as the dotplot. 
6) SDS polycrylamide gell electrophoresis 
After heating at 43°C for 60min, FM3A cells were reheated 
at the time interval of 0, 3. 6, 12, 24 and 48 hours at 379C 
and rinsed twice with PBS (-) 3 X 106 cells were adjusted 
and shaked, kept at 80 °C in water bath for 5min, and added 
with sample buffer which contains 50m1 of 8M urea, 1 % 
Triton X, 5mM EDTA, O.1M Tris HC1 and 2ml of 10% 
SDS 0.5M Tris HC1 (pH7.8) 10mM EDTA. The sample 
was sonicated for 2-3min and 51L I of B-Mercaptethanol 
and 20,u 1 of BPB solution were added and then heated at 
80 °C for 5min. 
  Ten ul of the sample were electrophoresed on the condi-
tion of 25mA under 150V. The addition of 20,u 1 of 10% 
SDS, 30,u l of BPB and 5,u l of B-mercaptoethanol was 
used for running buffer. 
7) O'Farrell two-dimentional electrophoresis 
Five percent dis gel (30m1 of 5% polyacrylamide, 2% 
ampholine and 8 murea and 140,u 1 of 10% persulphuric 
acid adding 20,u l of TEMED) was prepared for isoelectric 
point electrophoresis. The samples were almost the same as 
the case of SDS-polyacrylamide. However, sample buffer 
was prepared without the use of SDS solution. 
 6.5# l of the sample was used and the switch of elec-
tricity (l4mA/300V) was turned on. And then, small gel 
was shaked for 60min in 2.3% SDS, 5% B-
mercaptoethanol 10% glycerol and 62.5mM Tris HCI 
(pH6.8), placed on 7.5% slab gel and electrophoresed at
room temperature on the condition of a 5 to 10 hour 
duration of 20mA. 
8) Densitometry 
HSP was measured by using densitometry. At first 70K 
HSP was recognized on slabe gel and this band was 
quantitatively counted with densitometry. 
9) Western blotting method 
The membrane was activated with blotting buffer (25mM 
Tris, 192mM glysine and 20% MeOH) for 5 to 60 minutes. 
Following electrophoresis, the surface of minigel was cov-
ered with the activated membrane. Electrophoresis was 
achieved on the condition of 40V for 15b hours. The 
membrane was treated with TBS, 2% BSA and 10% goat 
serum, adding 5-10,u g/ml of antibody IgG. Moreover, it 
was immersed with 2-5,ug/ml perioxidase-conjugated anti-
rabitt IgG, and rinsed 5 times or more with TBS and dried 
recognizing the band. 
B) Experiment of cell cycle analysis 
At the time of HSP production, the cell cycles were evalu-
ated with DNA contents, and the protein contents were 
regarded as the peak value. The protein contents were 
represented at each phase of the G,, S and the G2M by cell 
sorting at each phase.
Result 
1. The peak of thermotolerance by heating 
The peak of thermotolerance by heating at 43°C for 60min 
in FM3A cells has become significant 3 hours after heating. 
The maximum reached at 12 hours after heating, thereafter 
it was gradually decreased as shown in Fig. 1. 
2. The influence of heating on the cell cycle 
One or 1.5 X 106 of FM3A cells arising from CH3 mouse 
were heated at 43°C ± 0.1 °C for 60min. After heat treat-
ment, alcohol fixation with 70% ethanol was made immedi-
ately 6, 12 and 48 hours after heat treatment. PI-FITC 
double staining was applied for simultaneous analysis in 
DNA and protein according to Crissmans' method. Histo-
gram was constructed, decipting protein content in ordid-
nate and DNA content in abscissa. 
1) The cell cycle was performed in the analysis of DNA 
content. 
The protein contents represented as the peak values. The 
protein contents were measured in the G1, S and the G2M 
phases by gating with the indicators of DNA content. 
2) Changes in cell cycle after heating treatment 
Fig. 2 showed changes in the G1 phase after heat treatment. 
Decrease in the G, phase was noted in early phase of 
heating and a significant reduciton of the G, phase was
defined at 12 and 24 hours after heat treatment. Fig. 3 
represented changes in the S phase after heating as com-
Fig. 2. Changes in the G, phase by heating at 43T for 60min.
pared with the control. There was no significant alternation 
of S phase. Fig. 4 delineated variation of GZM phase. The 
maximum accumulation of the G2M phase was seen at 12 
and 24 hours after heat treatment. In contrast, normal cell 
cycle was resumed at 48 hours after heat treatment. 
3) Changes in cell cycle and protein content 
Fig. 5 showed changes in protein content in the G, phase. 
There was no significant difference as compared with the 
control of the G, phase. Fig. 6 represented changes in 
protein content in the S phase. There was no significant 
change between the control and heating. Fig. 7 showed 
changes in the protein content in the G2M phase. There 
were a significant increases in the GZM phase 12 and 24 
hours after heating. 
  In contrast, these increases were gradually reverted to 
the normal 48 hours after heating. 
II. Histogram between no heat treatment and 24 hours after 
heat treatment 
 Fig. 8 showed accumulation in the G2M phase and the
Fig. 3. Changes in the S phase by heating at 43T for 60min. Fig. 4. Changes in the GZM phase by heating at 43T for 60min.
Fig. 5. Protein content in the G, phase by heating. Fig. 6. Intracellular protein content in the S phase by heating.
Fig. 7. Intracellular protein content in the G2M phase by heating.
Fig. 9. Detection of heat shock protein by O'Farrell two-
dimentional electrophoresis.
Fig. 8. Accumulation in the G2M phase 24 hours after heating. Fig. 10. The variation of HSP 70KD after heating.
shift to the right of the peak of the protein content as the 
remarkable changes between no treatment of heating and 
24 hours after treatment. 
III. HSPs ditection by SDS-polyacrylamide gel electro-
phoresis 
 Fig. 9 showed the detection of 70K HSP by using 
SDS-polyacrylamide gel electrophoresis. The arrow signal 
pointed out 70K HSPS which was enhanced one to 12 
hours after heating. On the contrary, it had become weak-
ened 24 and 48 hours after heating. The peak production of 
thermotolerance in FM3A cells by heating at 43°C for 
30min corresponded to the time of 12 hours after heating. 
The G2M accumulation was manifested accompanying an 
increase in the protein content by heating. Furthermore, the 
protein content increased in the G2M phase 12 and 24 hours 
after heating as compared the control in the G2M phase. 
 The variation of HSP 70 were expressed in Fig. 10, and 
the peak of HSP was seen heating at 43°C for 60min.
Discussion 
The main drawback to heat treatment is the phenomenon of 
thermotolerance. Recent studies clarified that re-heating 
makes cells insensitive. Thermotolerance is expressed as 
reduction of the survival rete. And the prasence of thermo-
toleranse is clearly confirmed in many kinds of cells. 16,29,30) 
It is well known that there are two types of the modes of 
the thermololerance expression: 1) heating below 43°C and 
2) heating over 43°C. At heating of less than 43°C, contin-
uous heating during a 2 to 5 hour duration enables the 
survival curve to be flatten, and the addition of heating fails 
to kill cells. It is well known that after heating below 43°C, 
heating of 43°C or more still induces thermotolerance.2'.3'' 
On the other hand, thermotolerance at heating of 43°C or 
more persists in cells cultured at the allowable temperature 
of 41T or less.22.31> 
 Thermotolerance is characteristic of 1) the property 
dependable on the first heating, indicating the maximum
during several hours after heating and then the disap-
pearance during a 3 to 5 day duration '27.29.32) 2) the environ-
mental factors which inhibits generation of the 
thermotolerance on the condition of low pH and undernu-
trition, and 3) early disappearance of thermotoelrance in 
actively proliferative cells rather than inactively profif-
erative one. 
  In addition, it is accepted that tumor cells as well as 
normal cells acquired thermotolerance.35,36) Therefore, hy-
perthermic therapy is unable to apply every day. It is 
needless to say that heat shock portein (HSPs) plays a key 
role in generation of thermotolerance. 
  The increase in the outside temperature induce produc-
tion of a kind of heat shock protein (HSP)2°.21.26) and other 
compounds, socalled stress protein (SP). And it is also 
recognized that the same molecular HDP indicates an iden-
tical basic arrangement of the genes. It is contemplated that 
HSPs plays an important role in protecting cells from the 
environmental variation.") 
  It has been recognized that the number of HSps vary 
with the animal species, the detection method, and the 
induction method. It is confirmed that there are 17 of 
HSPs40' in E, coll. 1341) in yeast and 8 to 10 in a drosophila 
and mammalia. It is still unknown that the reports con-
cerning molecular weights of HSPs vary from 72 to 110. 
HSP70 combines with nucleic acid and it is accepted that 
HSP exists in the nucleus and gradually accumulates in 
nucleolus by heat shock ,58.59) indicating a specific process 
for heat.') 
  In 1979, Michell reported that there is a close rela-
tionship between HSPs and heat tolerance."-') Landy38' 
investigated a relationship between thermotolerance ex-
pression and HSP synthesis by heating at 43°C for 30 
minutes with the use of Morris hepatoma cells. 
  Thermotolerance reached the maximum 6 to 8 hours 
after heating. Thereafter, it was gradually reduced with a 
60 to 80 hour course. On the other hand, HSP synthesis 
showed the highest 2 hours after heating and HSP has 
become synthesized 6 to 8 hours after heating. 
  It is generally accepted that thermotolerance expression 
is well correlated with HSP synthesis in the time course.") 
Lisp`) emphaseized that HSP is induced by ethanol, arsenic 
and hypoxia. There are some reports66-69) that denys close 
correlation between HSP synthesis and thermotolerance 
expression. 
  In contrast, the relationship between the cell cycle and 
heat treatment has been sporadically reported. Westra and 
Dervey70' reported that thermosensitivity is high in the M 
and the S phase in CHO cells. In contrast, it is low in the G, 
phase. On the other hand, Kims71) pointed out that Hela 
cells are most sensitive in the M and early G, phase, and 
then in the late S phase. 
 Gerrveck72' cited that cell damage in the G, phase by 
heating might be repaired in the G, phase and also damage 
in the S phase would be reverted in converting the S into
the G, phases. 
  In this study, heat-induced protein increased in the GZM 
phase and a 48 hour time course is necessary for resuming 
the normal cell cycle. It is suggestive that accumulation in 
the GZM phase conld be in association with thermotol-
erance.
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